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| 16. Abstract 
Experimental data were obtained in dynamometer tests of a 1978 Ford 98 CID 
engine to determine fuel consumption and emissions (hydrocarbon, carbon 
monoxide, oxides of nitrogen) at steady-state engine operating modes. 

The objective of the program is to obtain engine performance data for 
estimating emissions and fuel economy for varied engine service and duty. 
The intent of the work is to provide basic engine characteristic data 


required as input for engineering calculations involving ground transportation. 
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PREFACE 


This report, prepared by the U.S. Department of Energy, Bartlesville 
Energy Technology Center, for the U.S. Department of Transportation, 
Transportation Systems Center, Energy Technology Branch, Cambridge, MA, 
presents results of experimental work to obtain information on 
performance characteristics of an engine used in automobiles sold in the 
United States. The Ford 98 CID engine used in this work is one of a 
series of 15 engines to be tested in the current program. This is the 
seventh of the reports to be published covering work with those engines. 


This project is funded by the National Highway Traffic Safety 
Administration, Office of Research and Development, Office of Passenger 
Vehicle Research, Technology Assessment Division. 


James A. Kidd, Jr. and Ralph G. Colello of the U.S. Department of 
Transportation, Transportation Systems Center, are the technical 
monitors. 
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1. INTRODUCTION 


The objective of this program is to obtain engine performance data 
for estimating fuel economy and emissions for varied engine service and 
duty. The intent of the work done at Bartlesville Energy Technology 
Center is to provide basic engine characteristic data required as input 
for engineering calculations of the fuel consumption and emissions 
involving ground transportation. 


The data acquired from tests of a 1978 Ford 98 CID engine are presented 
in this report. The engine, as equipped, is intended for use in a forty- 
nine state (Federal) vehicle with automatic transmission. Ford uses the 
98 CID engine in the 2,000 1b Fiesta. The test results are sufficient 
to establish steady-state maps for fuel consumption and emissions (carbon 
monoxide, unburned hydrocarbon, and oxides of nitrogen) over the entire 
operating range of the engine. 


2.) HENGINE VEST REPORT 


The engine test setup included a complete engine (SAE definition) 
coupled to an eddy-current dynamometer. A cooling tower was used in 
place of the fan and radiator. The alternator was included but 
was not wired into the engine's electrical system. Emission control 
systems included exhaust-gas-recirculation, positive crankcase venti- 
lation, air injection, and an oxidation catalyst. The manufacturer's 
engine specifications are listed in Table 1. 


Prior to testing, engine break-in consisted of approximately 1,500 
miles of operation with the engine installed in the vehicle. A single 
batch of unleaded regular grade gasoline was used throughout the tests; 
a detailed fuel analysis is given in Table 2. Engine testing began on 
April 5, 1978 and ended on April 17, 1978. 


During steady-state tests, the engine was operated at the following 
speed/load modes: 


Speeds: 10005. 13600; 9250003725005: 35200; 3,800 5745500: 
5,000 rpm 


Loads: 02 105; 25.) 40%) 602) 7557904100 pet of qullimlioad 
(0, 10, 25, 60, and 75 pct points were repeated at 
all engine speeds) 


Idle speed/load modes: 850 rpm -- 0, 10, 15 1b-ft 
750 rpm -- 5 1b-ft 


Over speed point: 5,200 rpm -- 68 lb-ft (WOT) 


At the conclusion of the steady-state engine tests, the engine was 
motored at 1,000; 1,500; and 2,000 rpm. At each of these speeds, the 
engine was motored with the throttle in the idle position, ignition on; 
throttle in the idle position, ignition off; and wide-open-throttle, 
ignition off. 


total numberof wes timodest iis.) ics arene eeicnrel 67 
Total number of nepeadts cece emcee mer ceo 54 
Total, numberon motoriingumodesiry. creer coe crear ec) 

Total -numbersOf Tes CS oes ee eis oer ence 130 


The following data were recorded for each test point: 


Test number 

Data source code (1l=before catalyst, 2=after catalyst) 
Date 

Barometric pressure, mm Hg 

Dew point, °F 

Inlet air temperature, °F 


Speed, rpm 

Torque, lb-ft -- Daytronics strain gauge load cell 

Fuel rate, lb/hr -- Fluidyne positive displacement fuel flow meter 
Ignition timing, °BTC 

Manifold vacuum, in. Hg 

Throttle angle, degrees 

CO, pct -- Beckman NDIR 

C05, pct -- Beckman NDIR 

05, pct -- Beckman polarographic detector 

He: ppmC -- Custom-built heated flame ionization detector 
NO,, ppm -- Thermo-Electron chemiluminescent detector 

Oi? temperature, °F 

0il pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H90 

Intake manifold eanneracune! “Ae 


The following equations were used in calculating power, air/fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NO,): 


1. Partial pressure of water vapor in intake air (millimeters 
of mercury): 


x 7308.1 
P = exp jte.717 a 78.1] 


where D = Dew point, °F 


2. Absolute humidity (grains moisture per pound dry air): 


4347 .8(P) 
B - P 


H = 
where B = Barometric pressure, mm Hg 
3. Humidity correction factor (dimensionless): 


i 1 
Ky = T= 0.0047(H — 75) 


Note: This factor is used to correct the NO, mass emission 
rate to a standard humidity of 75 grains moisture 
per pound dry air. 


Hydrogen concentration in raw exhaust (percent): 


ie x(CO) (CO + €0>) 
2 2(CO + 3C09 
where CO arbon monoxide concentration (percent) 


= C¢ 
C05 = Carbon dioxide concentration (percent) 


Note: This equation assumes a water-gas shift equilibrium 
constant 


(CO) (H,0) 
(C05) (H.) 


Correction factor for emission concentrations from wet basis 
to dry basis (dimensionless): 


X 
W 100 


Note: In these tests only HC is measured on a wet basis. 
All other species are measured on a dry basis. 


Air/Fuel ratio (dimensionless): 


NO 
_ 68.9994 E +5 - y)(CO) + (2 + 5 - y)(COp) + 2(05) + qOe - "| 
( 


AF 

MW uel CO + CO, + C, (Hen) 

where 0, = Oxygen concentration (percent) 
NO- = Oxides of nitrogen (ppm) 
Ht = Unburned hydrocarbon concentration (ppmC) 

x = Fuel hydrogen/carbon atomic ratio 
= Fuel oxygen/carbon atomic ratio 
MW ee] = Fuel molecular weight per carbon atom 


IZsOUWIS 2 UsOOUSIE, a S.ESeny 


Carbon monoxide mass emission rate (grams per hour): 


: | —_ ile (453.59237) 
CO” \MWe oy ZCO + ZCO> + Cy(ZHC) 
MWco = Molecular weight of CO (28.01055) 
Me = Fuel rate in 1bs/hour 
%HC = HC(ppm)/10* 


10. 


Unburned hydrocarbon mass emission rate (grams per hour): 


Mi (ZHC) (Mp) (Cy) 
Mie = MWe 0 ¥ ECO, + C, (GHC), (453. 59237) 


HC = Molecular weight of hydrocarbon per carbon atom 
= 12.01115 + 1.00797x + 15.9994y 


Oxides of nitrogen mass emission rate (grams per hour): 


| alae | | wNO + Me ] 
M 5 5 G (453.59237) (K,,) 
NO, MW ee] CO + 200, + C (HC H 
Mo, = Molecular weight of NO, = 46.0055 
%NOx = NOx (ppm)/10* 


Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° F): 


a aaNCiy 736.6 , /t_+ 460 + 460 
5252m13) B-P 945 


here N = Engine speed (revolutions per minute) 
T = Brake torque (lb-ft) 
t = Air temperature (°F) 


3) DISCUSSION OF ESTARESUETS 


Maximum corrected brake horsepower, maximum corrected torque, and 
brake specific fuel consumption (bsfc) are plotted as a function of 
engine speed at wide-open-throttle (WOT) in Figure 1. The maximum 
brake horsepower produced by the engine was similar to the value quoted 
in Table 1. The maximum torque produced by the engine was similar to 
the value quoted in Table 1] but was found at a slightly lower speed. 


Fuel rates were found to be nearly a linear function of power for 
most engine speeds (Figure 2) and were repeatable for all speeds du- 
plicated. The air-fuel ratios were relatively lean for most engine 
speeds and are plotted as a function of power for all engine speeds 
(Figure 3). Due to the effects by the air injection system on the 
air-fuel calculations, the air-fuel ratios do not represent the actual 
stoichiometry in the combustion chamber. The air-fuel ratios were 
highly repeatable for all speeds duplicated. 


Emissions of carbon monoxide (CO), hydrocarbon (HC), and oxides 
of nitrogen (NO,) are plotted as a function of power for all engine 
speeds (Figures 4, 5, 6). The oxidation catalyst effectively reduced -: 
the emissions of CO and HC at all engine speeds except those at which 
the air-fuel ratios were relatively low. The low air-fuel ratios and 
the higher emission levels of CO and HC at the modes indicate a lack 
of available oxygen to support the oxidation process, thus reducing 
the effectiveness of the catalyst. Emissions of NO, tended to peak at 
approximately 75 to 90 percent of maximum power at each speed and 
were repeatable for most speeds duplicated. 


4. CONCLUSIONS 


The experimental work to obtain performance data for the Ford 
Fiesta 98 CID engine has been completed, and these data are presented 
in the tables accompanying this report. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


Displacement; cubic: dnches ccc ca se eer ene ee 98 
Maximum horsepower, bhp @ 5,000 rpm.................. 66 
Maximum ‘torques: lb-ft: C733200 errpmies am omic ce eile 82 
BOresand: SEGOKE:.: PNCMES A Wesce ceeiene erie eueeuerecces eae ENS 3.19 and 3.06 
COMPAUGUPAET OM secu. 55.58 oe Sever craetee aiuto cts ee ee Raia eet eae inline 4-cylinder 
COMBYESS WON raGTON sae e ee ver ters aseeere rene ees ‘slaxenoeeenon JED) 
FANG: ORGS asc cher ioe ORs eal ed Oe ie ge 1-2-4-3 
Ignition timing at idle speed, °BTDC @ 850 rpm....... 12 
Block materials sc ucie abyss a eee Le eae ee an Man Yc cast iron 
Head: materdiallic ii. cole marcus ne auete ere rae eaareRe re a een ee era cast iron 
Number of crankshaft main bearings...............00-- 5 
Number of compression riingS/piIStON ac. 5 5 occas tess 2 
Numbervof: OAT Sireings/PUSTON acc. cc cee ees oe erieteoae ] 
CAMA VE SEY PO s....5).clatsentecoudeal ansehen sates use UR oes eee chain 
Valve lift: 
Intake sn IN Chesiiys 5 sco fis ceepecon ss ileus athe tains mere etalon as 0.353 
Exhaust’, 1mehesicu}. i323. con sees tps ce oeataisiemeecee 0.353 
Valve timing: 
Intake, Opens, si BGesea ss. he eotaraecste ste ae ee eee ee 29 
Intake closes., CABG. eis vsicin sentences Geen cranes 63 
Exhausit: Opens, cBBG02 as. seats carom eeevcteabtere ee eae 7] 
Exhaust: Closesi. GANG. cs necorince wcuske os wean he eae 21 
Spark. plug ‘gaps WINCHES ee ns vale cee riewe aie a cree ameke ee anees 0.049 
ENGNG WE TG IE se 1 DS. ie Okru Lah ae eo aie est ona tie al eee ates 310 
Exhaust-gas-recirculation system: 
Nasl.ve: By peas sac cree ee Ware ek Aner rare caliente tapered stem 
Control, Sonal soca kia iar ciel reece ae ported vacuum 
Pont, OF dischargesicacns eon eee ie eons intake manifold 
Crankcase emission control: 
Control (methods sss cree es a roer mieten re aan, cA tue anna positive crankcase 
ventilation 
Point:-of:. dischargeccca: tcceea came eects cers intake manifold 
Garburetor “Cy pe ss sss cnck ays crs eeeels sewers eels ers eran eee 2 V downdraft 
Distributor specifications :* 
Centrifugal advance, begins, ° @ 1,040 rpm...... 0 
Centrifugal advance, intermediate, 
Ps. TF SOOO PMs sceieieis ce sronet a eterna sete sie ere in ere ee 8 
Centrifugal advance, full, ° @ 5,000 rpm........ 16 
Vacuum advance, begins, ° @ 2 in. Hg............ ] 
Vacuum advance, maximum, ° @ 24 in. Hg.......... 12 
Carburetor (NUMDE Tos 'aciccsete sees ene sun coreicite ae eeerae 771FGC 
EGR! Vad Ve MUMDEI s ccsis\e tos oe! s Stenemtele sue eee imielaiey er enesete renee 771F-9D475-AC 
Distributor number. .s. 620. <s sire ieee eee Lisa 771F-12100-AB 


*Engine rpm, crankshaft degrees. 


TABLE 2. FUEL ANALYSIS 


UCI MAN OPMermrerctastevcsens ters + Sa: tcre or etotsws «0% «0 7718 
ReSeaincnrOoGtane NOs. cs cs sce crscere owe « 91.8 
Moe@mrOGEane ANO ccs. Qersie ois siete eles oe ovale 84.0 
SPEGINGNORAVINEY Ste ess s sce sis Sele esse ev/lWe 
APE GigaVaibY ad CQCES 54). 31. 6 <. sicielecieie see 65.9 
Das camalatdOnmieak: 
TOR DGEREVAPOV Abed ec. Liisi eais cee cc wuchens 123 
50 pct Bae taal tere seks ee eaaca essen 209 
95 pct me tare so oreo cesucuahevanche sie 3 402 
100 pct Ea OSs altel Gare ei eee “ate! os Bais 413 
Reid vapor pressure, PSi...........6.. 11.26 
FIA analysis, pct: 
RG OMATACS Herre cs aseicicta Sie Stine > als eco wien 9 
HUG A 0 Sisercnc, cS oaricih cece een ome ers irser ena 15 
PagaitatilMSiereeos carver 'o cucesh ce a ec' aleve ols ober ene 76 
SUMMGUINE ie PCE cients shcsereg Sei ohbiren ako rs Ganatal he 0.016 
Keade grams per Gail OM... 622.0 42 ae cles. trace 
Hydrogen/carbon atomic ratio.......... 2.038 


CYURRCULICU DARANRC NE 


DYIv, $ Ws tiprwiie 


500° 1000) 15500) 2,000 172 50017,73,0008 935500) 45 000)7455007 5-000 
ENGINE SPEED, rpm 
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FIGURE 1. Brake Specific Fuel Consumption, Torque, and 


Brake Horsepower Versus Engine. rpm at Wide- 
Open-Throttle--Ford Fiesta 98 CID Engine. 
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FIGURE 2- Fuel Rate Versus Power at Various 
Speed and Load Conditions--Ford 
Fiesta 98 CID Engine. 
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FIGURE 3. Air Fuel Ratio Versus Power at 
Various Speed and Load Conditions-- 
Ford Fiesta 98 CID Engine. 
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CARBON MONOXIDE, grams/hour 


CARBON MONOXIDE, grams/hour 
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FIGURE 4. Carbon Monoxide Emissions Versus 
Power at Various Speed and Load 
Conditions--Ford Fiesta 98 CID 
Engine. 
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HYDROCARBON, grams/hour 


HYDROCARBON, grams/hour 
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FIGURE 5. Hydrocarbon Emissions Versus Power 
at Various Speed and Load Condi- 
tions--Ford Fiesta 98 CID Engine. 
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FIGURE 6. Oxides of Nitrogen Emissions Versus 
Power at Various Speed and Load 
Conditions--Ford Fiesta 98 CID Engine. 
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